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ENHANCEMENT OF LACCASE REACTIONS 
TECHNICAL FIELD 

This invention relates to activation of enzymes. 
More specifically, the invention relates to agents capable of 
5 enhancing the activity of laccases and related enzymes. 

The invention also relates to methods of oxidizing 
a substrate in the presence of a laccase enzyme, and an 
enhancing agent. More specifically, the invention relates to a 
method of bleaching of dye in solutions, to a method of 
10 inhibiting the transfer of a textile dye from a dyed fabric to 
another fabric when said fabrics are washed together in a wash 
liquor, to a method of bleaching lignin- containing material, in 
particular bleaching of pulp for paper production, to a method 
of treatment of waste water from pulp manufacturing, and to a 
15 method of enzymatic polymerization and/or modification of 
lignin or lignin containing material. 

BACKGROUND ART 

Laccases (E.C. 1.10.3.2) are enzymes that catalyse 
the oxidation of a substrate (an electron or hydrogen donor) 
20 with oxygen. Such enzymes are known from microbial, plant and 
animal origins, e.g. from fungi. They are typically copper pro- 
teins, i.e. they contain a copper atom or atoms as a prosthetic 
group . 

Use of laccases has been suggested e.g. in bleaching 
25 of pulp for paper production, in treatment of waste water from 
pulp production, for improved bleaching in laundry detergents, 
for dye transfer inhibition during laundering, and for lignin 
modification, e.g. in particle board production. 

The compound 2,2' -azino-bis (3-ethylbenzothiazoline- 
30 6-sulfonate) , ABTS, supplied by Boehringer Mannheim, is a 
chromogenic substrate, and a common peroxidase and phenol 
oxidase assay agent. These enzymes catalyse the oxidation of 
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ABTS by hydrogen peroxide and dioxygen, respectively, producing 
a greenish-blue colour, which process may be monitored photo- 
metrically. 

ABTS has been found to form a stable radical cation 
5 when oxidized by a laccase enzyme (polyphenol oxidase, EC 
1.10.3.2) , and has been proposed to act as a redox mediator for 
oxidation of non-phenol ic lignin model compounds r Bourbonnais 
R. Paice M G : FEBS Lett (1990) 267 99-102] . 

Studies on demethylation and delignification of 
io kraft pulp by a laccase enzyme in the presence of ABTS showed 
that the extent of partial demethylation by laccase was 
increased in the presence of ABTS r Bourbonnais, R. and Paice. 
M.G : Appl. Microbiol. Biotechnol . (1992) 36 823-827]. 

Certain oxidizable substrates e.g. metal ions and 
15 phenolic compounds such as 7-hydroxycoumarin (7HCm) , vanillin 
(VAN) , and p-hydroxybenzenesulfonate (pHBS) , have been de- 
scribed as accelerators or enhancers, able to enhance bleaching 
reactions (cf. e.g. WO 92/18683, WO 92/18687, and Kato M and 
Shimizu S . Plant Cell Physiol. 1985 26 (7), pp. 1291-1301 (cf. 
20 Table 1 in particular) , or Saunders B C, et al . . Peroxidase, 
London, 1964, p. 141 ff) . 

SUMMARY OF THE INVENTION 

It has now surprisingly been found that organic 
chemical compounds consisting of at least two aromatic rings, 
25 of which aromatic rings at least one ring is substituted with 
one or more of the following atoms: nitrogen, oxygen, and 

sulfur, and which aromatic rings may furthermore be fused 
rings, are capable of enhancing the activity of laccase 
enzymes . 

30 Accordingly, in its first aspect, the invention 

provides an agent for enhancing the activity of laccase 
enzymes, which agent is an organic chemical compound consisting 
of at least two aromatic rings, of which aromatic rings at 
least one ring is substituted with one or more of the following 
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atoms: nitrogen, oxygen, and sulfur; and which aromatic rings 
may furthermore be fused rings. 

In a more specific aspect, the invention provides an 
agent for enhancing the activity of laccase enzymes, which 
5 agent is an organic chemical compound of the general formula I: 

R2 R1 • mo R9 




in which general formula A represents a single bond, 
or one of the following groups: (-CR 11 =CR 15 -) n , (-CR^N-NsCR 15 -) , 

( -NR 11 - ) , ( -CR 12 =N- ) n , (-NR 11 -CR 12 =N-N=CR 15 -) , ( -NR 11 -CR 12 =N- ) n , (- 

CR 12 =N-NR 11 -) , (-NR n -CR 1z =CR 13 -) , ( -N=N- ) , in which groups n 

io represents an integer of from 1 to 6; or A represents carbon, 
carbonyl, nitrogen, sulfur, oxygen, selenium, or phosphor, 
which carbon, phosphor and nitrogen may be unsubstituted or 
substituted with a substituent group R 11 ; 

and in which general formula the substituent groups 
is r’-R 13 and R 15 , which may be identical or different, indepen- 
dently represents any of the following radicals : hydrogen, 

hydroxy, formyl, carboxy and esters and salts hereof, car- 
bamoyl, sulfo and esters and salts hereof, sulfamoyl, phospho, 
phosphono, phosphonooxy, sulfandiyl, nitro, amino, phenyl, C t - 
20 C 14 -alkyl, C^-Cg-alkoxy, carbonyl-C^-Cg-alkyl, aryl -G,-C 5 - alkyl; 
which carbamoyl, sulfamoyl, and amino groups may furthermore be 
unsubstituted or substituted once or twice with a substituent 
group R 14 ; and which phenyl may furthermore be unsubstituted or 
substituted with one or more substituent groups R 14 ; and which 
25 C 1 -C 14 - alkyl, C r C 5 -alkoxy, carbonyl -C,-^- alkyl, and aryl-q-Cg- 
alkyl groups may be saturated or unsaturated, branched or 
unbranched, and may furthermore be unsubstituted or substituted 
with one or more substituent groups R 14 ; 

which substituent group R 14 represents any of the 
30 following radicals: hydroxy, formyl, carboxy and esters and 
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salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, aminoalkyl, piperidino, 
piperazinyl, pyrrolidino, Gj-Cj-alkyl, C^-Cj-alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
5 unsubstituted or substituted once or twice with hydroxy, C,-C 5 - 
alkyl , C^-Cj-alkoxy; and which phenyl may furthermore be 
substituted with one or more of the following radicals: 
hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
io and which q-C^alkyl, and C r C 5 -alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
15 and sulfamoyl; 

or in which general formula R 5 and R 6 may together 
form a group -B- , in which B represents a single bond, the 
group ( -CH=CH- ) n , or the group (-CH=N-) n , in which groups n 
represents an integer of from 1 to 6 ; or B represents carbon, 
20 nitrogen, sulfur, oxygen, selenium, or tellurium, which carbon 
and nitrogen may be unsubstituted or substituted with a 
substituent group R 14 as defined above; 

or in which general formula two of the substituent 
groups R^R 10 may together form a group -C-, in which C re- 
25 presents any of the following groups: (-CHR n -N=N-) , (-CH=CH-) n , 
(-CH=N-) n , in which groups n represents an integer of from 2 to 
4, and in which groups R 11 is a substituent group as defined 
above ; 

or in which general formula R 5 and R 12 , and/or R 6 and 
30 R 13 , when n in the above formula being 1, may together form a 
group -D-, in which D represents the groups: (-CHR 11 -) , (-NR 11 -) , 
(-CR n =CR 15 -) , (-CR’^N-), (-N=CR 11 -) , (-0-) , (>C=0) or (-S-) , and 
in which groups R 11 and R 15 are substituent groups as defined 
above . 

35 In another specific aspect, the invention provides 

an agent for enhancing the activity of a laccase enzyme, which 
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agent is an organic chemical compound of the general formula 
II: 



R1 R8 




in which the substituent groups R^R 8 , which may be 
identical or different, independently represents any of the 
5 following radicals: hydrogen, hydroxy, formyl, carboxy and 

esters and salts hereof, carbamoyl, sulfo and esters and salts 
hereof, sulfamoyl, nitro, amino, phenyl, q-q 4 - alkyl, q-q- 
alkoxy, carbonyl - q - q- alkyl , aryl -q-q- alkyl; which carbamoyl, 
sulfamoyl, and amino groups may furthermore be unsubstituted or 
io substituted once or twice with a substituent group R 9 ; and which 
phenyl may furthermore be unsubstituted or substituted with one 
or more substituent groups R 9 ; and which q-q 4 -alkyl, q-q- 
alkoxy, carbonyl-q-q -alkyl, and aryl-q-q-alkyl groups may be 
saturated or unsaturated, branched or unbranched, and may 
15 furthermore be unsubstituted or substituted with one or more 
substituent groups R 9 ; 

which substituent group R 9 represents any of the 
following radicals: hydroxy, formyl, carboxy and esters and 

salts hereof, carbamoyl, sulfo and esters and salts hereof, 
20 sulfamoyl, nitro, amino, phenyl, q-q- alkyl, q-q- alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
unsubstituted or substituted once or twice with hydroxy, q-q- 
alkyl , q-q-alkoxy; and which phenyl may furthermore be 
substituted with one or more of the following radicals: 
25 hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
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and which C,-^- alkyl, and C r C 5 -alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
5 and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
and sulfamoyl; 

or in which general formula two of the substituent 
groups R’-R 8 may together form a group -B-, in which B re- 
presents any of the following groups: (-N=N-), (-CH=CH-) n , (- 

io CH=N-) n , (-N=CR 9 -NR 10 -) or (-N=N-CR 9 -) , in which groups n repre- 
sents an integer of from 1 to 3 , R 9 is a substituent group as 
defined above and R 10 is defined as R 9 . 

In another aspect, the invention provides a method 
for oxidizing a substrate with a laccase or a laccase related 
is enzyme, in the presence of oxygen and in the presence of an 
enhancing agent of the invention. 

In a more specific aspect, the invention provides a 
method for bleaching dye in solutions by treatment with a 
laccase or a laccase related enzyme in the presence of oxygen 
20 in the presence of an enhancing agent of the invention. 

In another specific aspect, the invention provides 
a method of inhibiting the transfer of a textile dye from a 
dyed fabric to another fabric when said fabrics are washed 
together in a wash liquor, the method comprising treatment of 
25 the wash liquor with a laccase or a laccase related enzyme in 
the presence of oxygen and in the presence of an enhancing 
agent of the invention. 

In another aspect, the invention provides a method 
of bleaching lignin- containing material, in particular bleach- 
30 ing of pulp for paper production, the method comprising 
treatment of the lignin or lignin containing material with a 
laccase or a laccase related enzyme in the presence of a source 
of oxygen and in the presence of an enhancing agent of the 
invention. 

35 In a further aspect, the invention provides a method 

of enzymatic polymerization and/or modification of lignin or 




WO 95/01426 



PCT/DK94/00210 



7 

lignin containing material, the method comprising treatment of 
the lignin or lignin containing material with a laccase or a 
laccase related enzyme in the presence of a source of oxygen 
and in the presence of an enhancing agent of the invention. 

5 In a yet further aspect, the invention provides a 

method of treatment of waste water, in particular waste water 
from pharmaceutical or chemical industry, e.g. waste water from 
dye manufacturing, from textile industry, or from pulp manu- 
facturing, the method comprising treatment of the waste water 
io with a laccase or a laccase related enzyme in the presence of 
a source of oxygen and in the presence of an enhancing agent of 
the invention. 

In a particular aspect, the invention provides a 
detergent additive capable of inhibiting the transfer of a 
15 textile dye from a dyed fabric to another fabric when said 
fabrics are washed together in a wash liquor, the detergent 
additive comprising an enzyme exhibiting laccase activity and 
oxygen and an enhancing agent of the invention. 

In other aspects, the invention provides detergent 
20 additives and detergent compositions capable of inhibiting the 
transfer of a textile dye from a dyed fabric to another fabric 
when said fabrics are washed together in a wash liquor, the 
detergent composition comprising an enzyme exhibiting laccase 
activity and oxygen and an enhancing agent of the invention. 

25 BRIEF DESCRIPTION OF DRAWINGS 

The present invention is further illustrated by 
reference to the accompanying drawings, in which: 

Fig. 1 shows the specific formulas of some enhancing 
agents of the invention (I) 6-hydroxy-2-naphtoic acid; (II) 7- 
30 methoxy-2-naphtol ; (III) 7 -amino- 2 -naphthalene sulfonic acid; 
(IV) 5 -amino- 2 -naphthalene sulfonic acid; (V) 1,5-diamino- 
naphthalene; (VI) 7 -hydroxy- 1 , 2 -naphthimidazole ; (VII) 10- 

methylphenothiazine ; (VIII) 10 -phenothiazine-propionic acid; 
(IX) N-hydroxysuccinimide-10-phenothiazine-propionate; (X) 
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benzidine; (XI) 3 , 3 ' -dime thy lbenzidine; (XII) 3,3' -dimethoxy- 
benzidine; (XIII) 3,3' ,5,5' -tetramethylbenzidine; (XIV) 4'- 
hydroxy-4-biphenylcarboxylic acid; (XV) 4 -amino-4 ' -methoxy- 
stilbene; (XVI) 4,4' -diaminostilbene-2, 2' -disulfonic acid; 
5 (XVII) 4,4' -diaminodiphenylamine; (XVIII) 2, 7-diaminof luorene; 
(XIX) 4 , 4 ' -dihydroxy -biphenylene; (XX) triphenylamine; (XXI) 
10-ethyl-4-phenothiazinecarboxylic acid; (XXII) 10-ethyl- 
phenothiazine; (XXIII) 10-propylphenothiazine; (XXIV) 10- 
isopropylphenothiazine ; (XXV) methyl- 10 -phenothiazinepropion- 
io ate; (XXVI) 10-phenylphenothiazine; (XXVII) 10-allyl- 
phenothiazine; (XXVIII) 10-phenoxazinepropionic acid; (XXIX) 
10 - ( 3 - ( 4 -methyl - 1 -piperazinyl ) propyl ) phenothiazine ; (XXX) 10- 
( 2 -pyrrol idinoethyl ) phenothiazine ; (XXXI) 10-methylphenoxazine; 
(XXXII) iminostilbene; (XXXIII) 2- (p-aminophenyl) -6-methylben- 
15 zothiazole-7-sulfonic acid; (XXXIV) N-benzylidene-4-biphe- 
nylamine; (XXXV) 5-amino-2-naphthalenesulfonic acid; (XXXVI) 7- 
methoxy-2 -naphtol ; (XXXVII) 4,4' -dihydroxybenzophenone; 
(XXXVIII) N- (4- (dimethyl amino) benzylidene) -p-anisidine; (XXXIX) 
3-methyl-2-benzothiazolinone (4- (dimethyl amino) benzylidene) hy- 
20 drazone; (XL) 2 -acethyl-10-methylphenothiazine ; (XLI) 10- (2- 
hydroxyethyl) phenothiazine; (XLII) 10- (2-hydroxyethyDphenoxa- 
zine; (XLIII) 10- (3 -hydroxypropyl) phenothiazine; (XLIV) 4,4'- 
dimethoxy-N-methyl-diphenylamine; (XLV) vanillin azine. 

Fig. 2 shows the bleaching of Direct Blue 1 with 
25 bilirubin oxidase and 10-methylphenothiazine (MPT) (□ 0 /iM MPT; 
♦ 2.5 /iM MPT; 15.0 /iM MPT; 0 10.0 fiM MPT) . 

DETAILED DISCLOSURE OF THE INVENTION 

The Enhancing Agent 

The present invention relates to the use of chemical 
30 compounds for enhancing the activity of laccase enzymes. 
Accordingly, the invention provides an agent capable of 
enhancing the effect of a laccase enzyme in the following 
termed enhancing agent. 
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The enhancing agent of the invention is an organic 
chemical compound consisting of at least two aromatic rings, of 
which aromatic rings at least one ring is substituted with one 
or more nitrogen, oxygen, and/or sulfur atoms, and which 
5 aromatic rings may furthermore be fused rings. 

In a more preferred embodiment, the enhancing agent 
of the invention is an organic chemical compound of the general 
formula I : 



R2 R1 • RIO R9 




in which general formula A represents a single bond, 
io or one of the following groups: (-CR 11 =CR 15 -) n , (-CR 11 =N-N=CR 15 -) , 

( -NR 11 - ) , ( -CR 12 =N- ) n , (-NR 11 -CR 12 =N-N=CR 15 -) , ( -NR n -CR 12 =N- ) n , (- 

CR 12 =N-NR 11 - ) , (-NR 11 -CR 12 =CR 13 -) , (-N=N-) , in which groups n 

represents an integer of from 1 to 6; or A represents carbon, 
carbonyl, nitrogen, sulfur, oxygen, selenium, or phosphor, 
is which carbon, phosphor and nitrogen may be unsubstituted or 
substituted with a substituent group R 11 ; 

and in which general formula the substituent groups 
R’-R 13 and R 15 , which may be identical or different, indepen- 
dently represents any of the following radicals : hydrogen, 

20 hydroxy, formyl, carboxy and esters and salts hereof, car- 
bamoyl, sulfo and esters and salts hereof, sulfamoyl, phospho, 
phosphonO, phosphonooxy, sulfandiyl, nitro, amino, phenyl, C,- 
C 14 -alkyl, C^-Cj-alkoxy, carbonyl -C^-Cj- alkyl, aryl-C^-Cj-alkyl; 
which carbamoyl, sulfamoyl, and amino groups may furthermore be 
25 unsubstituted or substituted once or twice with a substituent 
group R 14 ; and which phenyl may furthermore be unsubstituted or 
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substituted with one or more substituent groups R 14 ; and which 
C 1 -C 14 -alkyl, C^-Cj-alkoxy, carbonyl alkyl, and aryl-C,-^- 
alkyl groups may be saturated or unsaturated, branched or 
unbranched, and may furthermore be unsubstituted or substituted 
5 with one or more substituent groups R 14 ; 

which substituent group R 14 represents any of the 
following radicals: hydroxy, formyl, carboxy and esters and 

salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, aminoalkyl, piperidino, 
io piperazinyl, pyrrolidino, C.,-C 5 -alkyl, C^-Cj-alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
unsubstituted or substituted once or twice with hydroxy, Cj-Cj- 
alkyl, C^Cj-alkoxy; and which phenyl may furthermore be 
substituted with one or more of the following radicals: 
15 hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
and which C^-Cj- alkyl, and C.,-C 5 -alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be substituted once or twice with any of the 
20 following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
and sulfamoyl; 

or in which general formula R 5 and R 6 may together 
form a group -B-, in which B represents a single bond, the 
25 group ( -CH=CH- ) n , or the group (-CH=N-) n , in which groups n 
represents an integer of from 1 to 6; or B represents carbon, 
nitrogen, sulfur, oxygen, selenium, or tellurium, which carbon 
and nitrogen may be unsubstituted or substituted with a 
substituent group R 14 as defined above; 

30 or in which general formula two of the substituent 

groups R^R 10 may together form a group -C-, in which C re- 
presents any of the following groups: (-CHR 11 -N=N-) , (-CH=CH-) n , 
(-CH=N-) n , in which groups n represents an integer of from 2 to 
4 , and in which groups R 11 is a substituent group as defined 
35 above; 
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or in which general formula R 5 and R? 2 , and/or R 6 and 
R 13 , when n in the above formula being 1, may together form a 
group -D-, in which D represents the groups: (-CHR 11 -) , (-NR 11 -) , 
(-CR 11 =CR 15 -) , (-CR^N-), ( -N=CR 11 - ) , (-0-) , (>C=0) or (-S-) , and 
5 in which groups R 11 and R 15 are substituent groups as defined 
above . 

In particular embodiments, the enhancing agent is 2- 
(p-aminophenyl) -6-methylbenzothiazole-7-sulfonic acid, N-(4- 
(dimethylamino) benzylidene) -p-anisidine, 3-methyl-2-benzo- 
io thiazolinone (4- (dimethylamino) benzylidene) hydrazone, vanillin 
azine. 

In another preferred embodiment, the enhancing agent 
of the invention is an organic chemical compound of the general 
formula II: 



R1 R8 




is in which the substituent groups R^R 8 , which may be 

identical or different, independently represents any of the 
following radicals: hydrogen, hydroxy, formyl, carboxy and 

esters and salts hereof, carbamoyl, sulfo and esters and salts 
hereof, sulfamoyl, nitro, amino, phenyl, C^-G^-alkyl, C,-C 5 - 
20 alkoxy, carbonyl-C r C 5 -alkyl, aryl-C r C 5 -alkyl; which carbamoyl, 
sulfamoyl, and amino groups may furthermore be unsubstituted or 
substituted once or twice with a substituent group R 9 ; and which 
phenyl may furthermore be unsubstituted or substituted with one 
or more substituent groups R 9 ; and which C,-C 14 -alkyl, C^-Cj- 
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alkoxy, carbonyl -q-Cj-alkyl, and aryl -C,-C 5 - alkyl groups may be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be unsubstituted or substituted with one or more 
substituent groups R 9 ; 

5 which substituent group R 9 represents any of the 

following radicals: hydroxy, formyl, carboxy and esters and 
salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, C,-C 5 - alkyl , C,-C 5 -alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
io unsubstituted or substituted once or twice with hydroxy, C^-Cj- 
alkyl, C^-Cj- alkoxy; and which phenyl may furthermore be 
substituted with one or more of the following radicals: 
hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
is and which C,-^- alkyl, and q-Cg- alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
20 and sulfamoyl; 

or in which general formula two of the substituent 
groups R’-R 8 may together form a group -B-, in which B re- 
presents any of the following groups: (-N=N-) , (-CH=CH-) n , (- 

CH=N-) n , (-N=CR 9 -NR 10 -) or (-N=N-CR 9 -), in which groups n repre- 
25 sents an integer of from 1 to 3, R 9 is a substituent group as 
defined above and R 10 is defined as R 9 . 

In a more specific embodiment, the enhancing agent 
of the invention is an organic chemical compound of the 
following formula: 



R2 R1 RIO R9 
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in which formula E represents a single bond, a carbonyl 
group or one of the following groups: (-CH=CH-) n , (-CH=N-) n or 

(-NR 11 -), in which n represents an integer from 1 to 2. The 
substituents groups R 1 -!* 11 may be identical or different, 
5 independently being one of the following radicals: hydrogen, 
hydroxy, formyl, carboxy and esters and salts hereof, car- 
bamoyl, sulfo and esters and salts hereof, sulfamoyl, nitro, 
amino, phenyl, C,-C 14 -alkyl, G,-C 5 -alkoxy, carbonyl -C,-C 5 - alkyl, 
aryl -G,-C 5 - alkyl; which carbamoyl, sulfamoyl, and amino groups 
io may furthermore be unsubstituted or substituted once or twice 
with a substituent group R 14 ; and which phenyl may furthermore 
be unsubstituted or substituted with one or more substituent 
groups R 14 ; and which C 1 -C u - alkyl, C^-Cj-alkoxy, carbonyl-C^-Cg- 
alkyl, and aryl-C^-Cj-alkyl groups may be saturated or un- 
15 saturated, branched or unbranched, and may furthermore be 
unsubstituted or substituted with one or more substituent 
groups R 14 ; 

which substituent group R 14 represents any of the 
following radicals: hydroxy, formyl, carboxy and esters and 

20 salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, C^-Cj-alkyl, C,,-C 5 -alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
unsubstituted or substituted once or twice with hydroxy, C.,-C 3 - 
alkyl, Cj-Cj-alkoxy; and which phenyl may furthermore be 
25 substituted with one or more of the following radicals: 
hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
and which C^Cj- alkyl , and C^-Cj-alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
30 furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
and sulfamoyl; 

or in which specific formula two of the substituent 
35 groups R 5 and R 6 may together form a group -B-, in which B 
represents the groups : (-CH=N-) n , (-CH=CH-) or (-CHR 14 -) in which 
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groups n represents an integer of from 1 to 2 and R 14 is a 
substituent group as defined above. 

In particular embodiments, the enhancing agent is 4- 
amino-4' -methoxystilbene, 4,4' -diaminostilbene-2, 2' -disulfonic 
5 acid, iminostilbene, 4,4' -dihydroxybenzophenone, N-benzylidene- 
4 -biphenylamine , 4,4' -diaminodiphenylamine , 4,4' -dimethoxy-N- 

methyl-diphenylamine, 2 , 7-diaminofluorene, triphenylamine . 

In another specific embodiment, the enhancing agent 
may be described by the following formula: 





R1 

I 




R9 




R2 

•'ll 


ijf 




rS 


^R8 


i 

R3 


y 


1 


T 


^R7 




R4 


R5 


R6 





io in which formula X represents one of the following 

groups: (-0-) , (-S-) , (-NR 15 -) , (-CHR 15 -), (>C=0) , ( -CH=CH- ) , (- 

CH=N- ) and the substituent groups R’-R 9 and R 15 , which may be 
identical or different, independently represents any of the 
following radicals: hydrogen, hydroxy, formyl, carboxy and 

15 esters and salts hereof, carbamoyl, sulfo and esters and salts 
hereof, sulfamoyl, nitro, amino, phenyl, Gj-C^-alkyl, Cj-Cg- 
alkoxy, carbonyl -C,-C 5 - alkyl, aryl-G,-C 5 -alkyl; which carbamoyl, 
sulfamoyl, and amino groups may furthermore be unsubstituted or 
substituted once or twice with a substituent group R 10 ; and 
20 which phenyl may furthermore be unsubstituted or substituted 
with one or more substituent groups R 10 ; and which C 1 -C u -alkyl, 
C.,-C 5 -alkoxy, carbonyl -C,-C 5 - alkyl , and aryl -C^Cg- alkyl groups 
may be saturated or unsaturated, branched or unbranched, and 
may furthermore be unsubstituted or substituted with one or 
25 more substituent groups R 10 ; 

which substituent group R 10 represents any of the 
following radicals: hydroxy, formyl, carboxy and esters and 
salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, aminoalkyl, piperidino, 
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piperazinyl, pyrrolidino, C,-C 5 -alkyl , C^-Cj-alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
unsubstituted or substituted once or twice with hydroxy, C^-Cj- 
alkyl , q-Cg-alkoxy; and which phenyl may furthermore be 
5 substituted with one or more of the following radicals: 
hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
and which Cj-C^-alkyl, and q-Cj-alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
io furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
and sulfamoyl; 

or in which general formula two of the substituent 
15 groups R’-R 8 may together form a group -B-, in which B re- 
presents any of the following the groups: (-CHR 10 -N=N-) , (- 

CH=CH-) n , (-CH=N- ) n or ( -N=CR 10 -NR n - ) , in which groups n 
represents an integer of from 1 to 3, R 10 is a substituent group 
as defined above and R 11 is defined as R 10 . 

20 In particular embodiments, the enhancing agent is 

10-methylphenothiazine, 10-phenothiazine-propionic acid, N- 
hydroxysuccinimide-10-phenothiazine-propionate or 10-ethyl-4- 
phenothiazine-carboxylic acid, 10-ethylphenothiazine, 10- 
propylphenothiazine , 10-isopropylphenothiazine, methyl-10- 
25 phenothiazinepropionate, 10-phenylphenothiazine, 10-allylpheno- 
thiazine, 10- (3- (4 -methyl -1 -piperazinyl) propyl )phenothiazine, 
10- (2-pyrrolidinoethyl)phenothiazine, 2-acetyl-10-methyl- 
phenothiazine, 4-carboxy-10-phenothiazine, 10-methyl- 
phenoxazine, 10-ethylphenoxazine, 10-phenoxazine-propionic 
30 acid, 4-carboxy-10-phenoxazine-propionic acid, 10- (2-hydroxy- 
ethyl) phenothiazine, 10- (2-hydroxyethyl)phenoxazine or 10- (3- 
hydroxypropyl ) phenothiazine . 

In another specific embodiment, enhancing agent is 
a biphenyl derivative of the following formula: 
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R2 R1 RIO R9 




in which the substituent groups R'-R 10 , which may be 
identical or different, independently represents any of the 
following radicals: hydrogen, hydroxy, formyl, carboxy and 

esters and salts hereof, carbamoyl, sulfo and esters and salts 
s hereof, sulfamoyl, nitro, amino, phenyl, C,-C, 4 -alkyl, C^Cj- 
alkoxy, carbonyl -C r C 5 - alkyl, aryl -C t -C 5 - alkyl; which carbamoyl, 
sulfamoyl, and amino groups may furthermore be unsubstituted or 
substituted once or twice with a substituent group R 11 ; and 
which phenyl may furthermore be unsubstituted or substituted 
io with one or more substituent groups R 11 ; and which C^-C^-alkyl, 
C^-Cj-alkoxy, carbonyl-q-Cj-alkyl, and aryl -q-Cj- alkyl groups 
may be saturated or unsaturated, branched or unbranched, and 
may furthermore be unsubstituted or substituted with one or 
more substituent groups R 11 ; 

15 which substituent group R 11 represents any of the 

following radicals: hydroxy, formyl, carboxy and esters and 
salts hereof, carbamoyl, sulfo and esters and salts hereof, 
sulfamoyl, nitro, amino, phenyl, C^-Cj- alkyl, C^-Cg-alkoxy; which 
carbamoyl, sulfamoyl, and amino groups may furthermore be 
20 unsubstituted or substituted once or twice with hydroxy, Gj-Cj- 
alkyl, q-Cj-alkoxy; and which phenyl may furthermore be 
substituted with one or more of the following radicals: 
hydroxy, amino, formyl, carboxy and esters and salts hereof, 
carbamoyl, sulfo and esters and salts hereof, and sulfamoyl; 
25 and which q-Cj-alkyl, and C r C 5 -alkoxy groups may furthermore be 
saturated or unsaturated, branched or unbranched, and may 
furthermore be substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy and esters 
and salts hereof, carbamoyl, sulfo and esters and salts hereof, 
30 and sulfamoyl. 

In particular embodiments, the enhancing agent is 
benzidine, 3,3' -dimethylbenzidine, 3,3' -dimethoxybenzidine. 




